Background. The effect of vitamin A supplementation on viral gastrointestinal infections among young children living in developing countries remains unclear.
diverse group of bacterial, viral, and protozoan pathogens that initiate pathogenesis through distinct mechanisms [1] . The effect of vitamin A supplementation on pathogen-specific immune responses may also vary, with supplementation up-regulating the humoral response but down-regulating the cell-mediated and inflammatory responses [2, 3] . Grouping together etiologically distinct diarrheal episodes may ignore the diverse effects that supplementation has on pathogenspecific immune responses and clinical outcomes and may confound associations between vitamin A supplementation and diarrheal disease. This possibility may explain why vitamin A has not been found to have a consistent effect on the incidence of diarrheal disease [4] [5] [6] .
Norovirus (NoV), which belongs to the Caliciviridae family, is now recognized as the leading cause of epidemic and endemic nonbacterial gastroenteritis. In industrialized countries, NoV may be responsible for 68%-93% of nonbacterial gastroenteritis outbreaks [7] [8] [9] . Studies in developing countries have shown that NoV is a major nonbacterial pathogen that causes acute diarrhea in children [10] [11] [12] . It is also an important cause of traveler's diarrhea among students from the United States visiting Mexico during the summer diarrheal season [13] . To date, no studies have examined the effect vitamin A may have on NoV, either in the laboratory or in clinical trials.
NoVs can be divided into 5 genogroups (GI-GV), of which GI and GII cause the majority of infections in humans [14] . Each genogroup is further divided into genotypes or genetic clusters [15] . The T cell component of the immune response after challenge with NoV is weighted more toward a Th1 response, with increases in interferon (IFN)-g and interleukin (IL)-2 production [16] .
The immune regulatory effects of vitamin A led us to hypothesize that vitamin A supplementation would be associated with reductions in noninvasive infections with gastrointestinal pathogens involving a protective humoral immune response and would have a negative or minimal effect against invasive infections involving a protective cell-mediated response. To address this hypothesis, we conducted a randomized, placebocontrolled, double-blind trial of the effect of vitamin A supplementation on infections with diarrheal pathogens among children from marginalized periurban communities of Mexico City, Mexico, between January 1998 and March 1999. We report here the effect of supplementation on NoV infection during the summer months of the study. NoV is an important cause of summer diarrhea among travelers to Mexico and may be an important cause of pediatric diarrhea in this population [13, 17] .
SUBJECTS, MATERIALS, AND METHODS

Study population.
A census was done for all children !2 years of age living within 9 neighborhoods (colonias) that are part of the community of La Magdalena Atlicpac, which is located along the eastern perimeter of Mexico City. Mothers of all children from 5 to 15 months of age were invited to participate in the study, as described elsewhere [18, 19] . Children were excluded if they had diseases that caused immunosuppression or any congenital or acquired alteration of the digestive tract (such as chronic diarrhea) that could alter the absorption of micronutrients. Children who were taking vitamin supplements were also excluded. For the overall study, 200 children living in this community were identified and enrolled over a 10-month period beginning in January 1998, after their parents consented to their participation.
Study design. On enrollment, each child was randomly assigned to receive vitamin A or a placebo by use of a randomized sequence generated by an epidemiologist at the National Institute of Public Health. Children !12 months of age in the vitamin A group were administered a solution containing 20,000 IU of retinol (3.3 IU is equivalent to the activity of 1 mg of retinol) at baseline and every 2 months thereafter, and children у12 months of age received a solution containing 45,000 IU of retinol. Testing and preparation of the placebo and vitamin A solutions were done by personnel at the National Institute of Nutrition, to ensure similarity in taste, viscosity, and color and to assure that the field personnel and principal investigator were unaware of the regimens. The field team was in charge of administering the supplements and placebos to children from identical opaque plastic droplet bottles.
During the baseline visit, information was collected regarding the number of household members; their ages, education level, and income; household water sources and sanitation facilities; and household possessions. Information was also collected during the first visit to determine the child's feeding and weaning patterns as well as occurrences of morbidity during the previous 2 weeks. A previously validated questionnaire was used in the collection of these data by project personnel who had received training in its application.
Recruited children were followed up prospectively for up to 15 months from January 1998 until March 1999, during which time households were visited twice a week. At each visit, mothers or caretakers of children were interviewed to determine the presence of the following symptoms: diarrhea, the number and consistency of evacuations, the presence of blood and mucus in stool, fever, cough, and respiratory difficulty. A stool sample was collected twice a month among healthy children, and up to 3 stool samples were collected during a week beginning with a diarrheal episode. Project supervisors accompanied project personnel at ∼5% of all household visits to ensure quality of data collection. Children were referred to the study physician for diagnosis and treatment when field-workers or caregivers were concerned about the child's health status.
Identification of NoV in stools. The analysis of the effect of vitamin A supplementation on NoV infection was restricted to children monitored during the summer months (June through August) of 1998. A previous study by Ko et al. [13] suggested that NoV infections are an important cause of traveler's diarrhea during the summer and so may also be an important cause of pediatric diarrheal episodes that peak during this season [20] . Fresh stool samples collected from children during the summer months were placed in sealed test tubes on ice and then frozen within 4 h of their collection at Ϫ20ЊC. NoV was detected by reverse-transcriptase polymerase chain reaction (RT-PCR) [13] . Viral RNA was extracted from 140 mL of a 10% stool suspension by a spin column technique, in accordance with the instructions in the QIAamp Viral RNA Mini Kit handbook (Qiagen). Viral RNA was assayed in a generic RT-PCR with 2 sets of primers, G1SKF/G1SKR and G2SKF/G2SKR, to detect the capsid region of NoV GI and GII, respectively [21] . Viral RNA was reverse transcribed for 60 min NOTE. Rate ratios (RRs), 95% confidence intervals (CIs), and P values were calculated using Poisson regression; the variable was the no. of positive stool samples, the unit of analysis was the no. of collected stool samples, and child age, breast-feeding status, and coinfections with enteropathogenic Escherichia coli, enterotoxigenic E. coli, and Giardia lamblia were included in the model. GI, genotype 1; GII, genotype 2.
a Total no. of positive stool samples.
at 42ЊC, followed by 15 min at 95ЊC to activate the Taq polymerase. Thermocycling conditions for PCR consisted of 40 cycles of 1 min at 94ЊC, 1 min at 40ЊC, and 1 min at 72ЊC, with a final extension for 10 min at 72ЊC. Amplified products were analyzed on ethidium bromide-stained 2% agarose gels.
To prevent any possible cross-contamination, standard operating procedures were strictly adhered to for RT-PCR, as described elsewhere [17] . All RT-PCR products positive for NoV were purified by use of the QIAquick PCR Purification Kit (Qiagen), in accordance with the manufacturer's protocol, and were then sequenced on an ABI 3730XL sequencer by a commercial company (SeqWright). Stool samples were also screened for enteropathogenic Escherichia coli (EPEC), enterotoxigenic E. coli (ETEC), Shiga toxin-producing E. coli, enteroinvasive E. coli, and Giardia lamblia.
Outcome definitions. The primary end points for the study were the prevalence of infections with the 2 genogroups, NoV GI and GII, and the duration of NoV shedding during the summer months of June, July, and August. Secondary outcomes were the prevalence and duration of diarrhea and fever episodes associated with infections. A NoV infection was defined as a NoV-positive stool sample. Duration of shedding was defined as the time between the first and last sequentially collected stool samples positive for NoV. A diarrheal episode was defined as a mother's reporting of symptoms in a child, confirmed by the passage of 3 or more liquid stools in 1 day. Episodes of fever or diarrhea were considered to be associated with NoV if the episode occurred within 7 days (before or after) of the collection of a positive stool sample. Duration of a diarrheal episode was defined as the number of reported days of diarrhea in a child preceding 3 or more symptom-free days.
Statistical analysis. Stool samples collected from children monitored during the summer months were used in this analysis. Rate ratios (RRs) for NoV prevalence among all children randomized to the 2 groups were first estimated by fitting Poisson regression models to counts of NoV-positive stool samples. RRs for the prevalence of NoV-associated diarrhea and fever were estimated by fitting Poisson regression models to counts of diarrhea and fever episodes among children with NoV-positive stool samples [22] . The duration of pathogen shedding and pathogen-associated diarrhea was then compared between the 2 groups by use of parametric regression survival-time models with a Weibull distribution. Variables for age, breast-feeding status, and coinfections with EPEC, ETEC, and G. lamblia were included in the model, to control for the modifying effect that they may have on associations between vitamin A supplementation and each analyzed outcome. Statistical significance was set at a probability level of !.05 and !.1 for interactions. The GENMOD and LIFEREG procedures from SAS software (ver- Sample sizes for the original study were calculated on the basis of the assumption that the study population has a diarrheal disease rate of 3 episodes/child/year and that the vitamin A supplement would reduce this rate by ∼20%, as reported by Barreto et al. [6] in their vitamin A trial in Brazil. A sample size of 100 per group was calculated as being necessary to detect a 20% difference between the control and treatment group, with a power of 80%, a significance level of 95%, and an expected loss to follow-up of 20%.
The study was approved by the ethical review committees of the National Center for the Health of Infants and Adolescents of Mexico and the Harvard School of Public Health.
RESULTS
In the overall study, 188 children were monitored for up to 15 months [18] . A total of 127 children enrolled in this larger community trial were included in the analysis of NoV infections restricted to the summer months (June through August) of 1998. The distribution of sociodemographic characteristics of study children and households was similar between children in the vitamin A and placebo groups (table 1). Forty-two to 45 percent of households had no access to piped water, ∼65% had no indoor toilets, and 25%-30% of children were stunted at baseline. The duration of follow-up for children in the 2 treatment groups was similar ( , months for mean ‫ע‬ SE 11.5 ‫ע‬ 5.5 the vitamin A group and months for the placebo 11.9 ‫ע‬ 5.6 group;
). Of the planned 1120 doses of vitamin A or P p .56 placebo, 1035 were given by project personnel to study for a compliance rate of 92%.
NoV was isolated from 114 (30.5%) of 374 stool samples collected during the summer months. NoV GI and NoV GII were found in 62 (54.4%) and 52 (45.6%) of the 114 positive samples, respectively. Twenty-five (21.9%) of the 114 NoVpositive samples had coinfections: 7 (6.1%) were coinfected with EPEC, 10 (8.8%) with ETEC, and 7 (6.1%) with G. lamblia. In the Poisson regression analysis, vitamin A supplementation was associated with reductions in the prevalence of NoV GII infections (RR, 0.51 [95% confidence interval {CI}, 0.27-0.97]) (table 2). There was no association between supplementation and the prevalence of NoV GI infections or all NoV infections.
The effect of vitamin A supplementation on the duration of shedding of NoV GI, NoV GII, and all NoV combined was determined by fitting parametric regression models to the measured durations. In this analysis, children who received vitamin A supplementation had significantly longer durations of all NoV shedding and the shedding of GI and GII than did children in the placebo group (mean ‫ע‬ SE, 7.11 ‫ע‬ 0.54 vs. 4 figure 1 ). The lower values for the cumulative hazard among children in the vitamin A group relative to children in the placebo group (illustrated in figure  1) indicates that there is a lower probability that the shedding of NoV GI and GII will end in the former group than in the latter group.
Thirty-seven (33.0%) of 112 NoV infections were associated with an episode of diarrhea. Twenty-two (35.5%) of 62 NoV GI infections and 12 (23.1%) or 52 NoV GII infections were associated with diarrheal episodes. Children in the vitamin A group had a significantly decreased incidence of all NoV-associated diarrheal disease and diarrhea associated with (table  4) . Fever was associated with 21 (18.8%) of 112 NoV infections, 11 (17.7%) of 62 NoV GI infections, and 10 (19.2%) of 52 of NoV GII infections. Vitamin A supplementation had no effect on the incidence of NoV-associated fever.
In the analysis of the durations of NoV-associated diarrheal episodes, children in the vitamin A group had significantly shorter durations of all NoV-associated diarrhea and diarrhea associated with GI and GII infections than did children in the 
DISCUSSION
The present study provides unique information about the epidemiology of NoV infection and the effect that vitamin A supplementation has on this infection among children living in periurban communities of Mexico City. First, we have found a high prevalence of NoV infections during the summer months. Second, we have found divergent effects of vitamin A supplementation on NoV-associated outcomes, with supplementation reducing the rate of NoV GII infection only but increasing the duration of shedding of overall and genogroupspecific NoV. Supplementation was also associated with a decrease in rates and durations of overall and genogroup-specific NoV-associated diarrhea. To our knowledge, this study is the first to report on the relationship between vitamin A supplementation and NoV infection.
Community-based studies in both industrialized and developing countries have established that NoV is an important cause of endemic gastroenteritis [23, 24] . Farkas et al. [25] reported that ∼19% and 8% of diarrheal stool specimens and nondiarrheal stool specimens, respectively, collected from a cohort of children were positive for calicivirus in periurban communities of Mexico City. Virus exposure can occur early during childhood in developing countries in which there is poor sanitation, as is reflected by the high prevalence of serum antibody to NoV [12, 26, 27] . In our study, ∼30% of all stool samples collected from children were positive for NoV and, of these, 33% were associated with an episode of diarrhea. Approximately 55% of the isolates obtained were NoV GI, whereas ∼46% were NoV GII. These findings are surprising, because high rates of NoV infection or shedding are typically not found during the summer months and because a majority of studies have reported that NoV GII is the predominant genogroup [28] . However, recent studies have identified summer peaks of NoV-related illness and have suggested that winter outbreaks are restricted more to health care institutions [29] [30] [31] . Similarly, strains belonging to different genogroups can cycle through a population and, thus, be predominate at different periods [32] . Parks et al. [33] have, in fact, found a greater number of NoV GI strains than GII strains in their study conducted in periurban communities of northeastern Brazil.
No comparable studies have evaluated the effect of vitamin A supplementation on NoV-associated health outcomes. However, the role the innate and adaptive immune responses play in NoV infection and the reported effects of vitamin A on these responses may provide insight into our results. Studies have shown that infected individuals develop short-term systemic IgG and fecal IgA immunity to homologous virus [34] [35] [36] . Lindesmith et al. [16] , for example, reported that the IgG elicited in response to Snow Mountain virus, a genogroup 2 NoV, after challenge is cross-reactive to other NoV GII strains but not to GI strains. The T cell response was weighted more toward a Th1 response, with increases in IFN-g, IL-2, and serum IgG1 production. However, there also was a significant increase in IL-5 production, a marker for the Th2 response. A strictly serum Th1 response with IFN-g production was reported after the administration of Norwalk virus-like particles to volunteers [36, 37] . A predominant Th1 intestinal immune response with increased IL-2 and IFN-g was also found among travelers infected with NoV, but a mixed Th1/Th2 response was found when coinfections with ETEC were present [38] . A mixed Th1/ Th2 response was also found after the administration of recombinant GII virus-like particles to mice along with the ETEC heat-labile toxin as an adjuvant [35] .
Vitamin A status has been shown to have a number of immune effects relevant to the present study. Vitamin A deficiency is associated with reduced cytotoxic activity of NK spleen cells [39] , reduced T lymphocyte proliferation and functionality [40] , and a reduced response to specific antigens [41] . Vitamin A deficiency also induces a polarized Th1 response, whereas retinoid treatment up-regulates a Th2 response [2] . These findings would appear to not support our findings that supplementation reduced the prevalence of NoV GII infections given the more-dominant Th1 response produced after NoV infections. However, a Th2 response may protect against NoV infection as well, given the significant increase in IL-5 production reported by Lindesmith et al. [16] . IL-5 is important in the up-regulation of mucosal IgA production by B lymphocytes and so may be involved in the prevention of NoV infection [42] . The up-regulation of the Th2 response may explain why children receiving vitamin A had increased lengths of NoV shedding, given that a Th1 response may be more important for eliminating viral infections.
The decrease in the rate and duration of diarrheal symptoms among children receiving vitamin A supplementation may result from the down-regulation of the Th1 and inflammatory responses. We previously reported that vitamin A supplementation is associated with reductions in fecal monocyte chemoattractant protein-1 levels, a chemokine that is involved in the inflammatory response and the up-regulation of the Th1 response [43] . This effect may have reduced the gastrointestinal inflammatory response and the onset of symptoms in the children who received vitamin A supplementation.
Currently, there are no studies that might explain the intriguing finding that the effect of vitamin A supplementation is specific to NoV GII. Susceptibility to specific NoV strains, determined by the ability of these strains to bind to specific human histoblood group antigens (HBGAs), may offer one explanation. The different binding abilities might lead to qualitatively distinct immune responses to each strain [44, 45] .
However, it remains to be seen whether these HBGA-binding profiles correlate with genetic clusters within a NoV genogroup [46] . There is evidence that IgG and cytokine responses to one NoV GII strain cross-react with other GII strains but not to GI strains [47, 48] . The generation of these distinct responses may be differentially regulated by vitamin A and so underlie the genogroup-specific effect of vitamin A supplementation found in our study. We have found that vitamin A supplementation has a very different effect on specific cytokines after infection with these 2 genogroups (K.Z.L., unpublished data).
One limitation of the present study is that we have no indicators of the children's vitamin A status, because no blood samples were collected from children. Differences in the initial status of study children could determine the effectiveness of supplementation. A probabilistic national survey conducted in Mexico has shown that overt and subclinical vitamin A deficiency among children living in Mexico City is minimal but that low levels of serum retinol are prevalent [49] . A second limitation may have been that the study was not sufficiently powered to address the genogroup-specific effect of vitamin A supplementation. However, that the effects associated with vitamin A supplementation were restricted to GIIassociated outcomes only suggests that this may not be such an important issue.
We have found that vitamin A supplementation produces divergent outcomes for genogroup-specific NoV infections and clinical symptoms among Mexican children. We have argued that these outcomes are the result of the differential regulation of the innate and adaptive immune responses by vitamin A, each of which plays a distinct role in these specific outcomes. If our findings are confirmed, public health efforts to reduce NoV infections through the development of new vaccines may optimally be coordinated with vitamin A supplementation programs to maximize the beneficial effects of supplementation on specific NoV genogroups.
